Chromosomal replication in Escherichia coli is regulated at initiation (1) . The timing of this event may be influenced by many factors, including the DnaA initiator protein (2) (3) (4) (5) , nearby transcription at oriC (6, 7) , the membrane attachment of DNA (8) , and the methylation of DNA (9) (10) (11) (12) . Initiation is localized at oriC, a 245-base-pair (bp) sequence with highly conserved and biologically essential regions (13, 14) . Among them are the four binding sites for the DnaA protein (15) and an A+T-rich region containing three 13-mers (Fig. 1 ) that are opened by DnaA protein (16) , the dominant positive effector in this early stage of chromosome replication. No specific negatively acting proteinshad been described until the discovery of a 33-kDa protein that binds to the 13-mers to block initiation (17) . In a replication assay reconstituted with purified proteins and an oriC-containing plasmid, binding by this protein prevents the opening of the A+T-rich region by the DnaA protein. Once the 13-mers are opened, the inhibitory protein has no effect on the subsequent stages of replication in vitro (17) .
In this report, we describe the cloning and sequencing of the gene for the 33-kDa protein, renamed IciA, for inhibitor of chromosome initiation.* Elevated levels of the protein in cells delay their resumption of growth upon transfer to fresh medium.
MATERIALS AND METHODS
Bacterial Strains, Plasmids, and Phages. The Escherichia coli strains used were as follows: C600 (supE44 hsdR thi-1 thr-J leuB6 lacYl tonA21); DH5a [supE44 AlacU169 (480 lacZAM15) hsdRl7 recA) endA) gyrA96 thi-1 relAl]; TG-1 (supE hsdAS thi A(lac-proAB) F'[traD36 proAB+ lacI9 lacZAM15]; W3110 (F-, A-). E. coli C600 served as host for A phages [EMBL4 derivatives of the Kohara collection (18) ] and was grown in NCZYM plus 0.2% maltose (19) . Amplification and DNA preparation of A phages were performed according to standard methods (19) . All other strains were grown in L broth/0.2% glucose. Strain DH5a was the host for pUC18 and pUC19 derivatives and was used for plasmid-DNA preparations. Strain TG-1 was the recipient for M13-phage derivatives mpl8 and mpl9 and was used to isolate single-stranded DNA. Strain W3110 was used to isolate chromosomal DNA and to prepare fraction II. Growth rates were determined by measurements of OD at 600 nm.
Protein probe confirmed the sizes of these fragments in the genomic DNA of E. coli W3110.
Sequence Analysis of the iciA Gene. The sequence of the 1815-bp Sal I fragment (Fig. 3) (Fig. 4) . All of these (12 or Considerable homology exists between IciA and the AmpR, MetR, and NahR proteins (Fig. 4) . The AmpR protein of Citrobacterfreundii is responsible for the induction of the ampC f-lactamase gene (24) , the MetR gene product of Salmonella typhimurium regulates the methionine biosynthesis genes metE and metH (25, 26) , and the NahR protein of Pseudomonas putida activates transcription of the nah and sal operons responsible for the metabolism of napthalene and salicylate, respectively (27, 28 the proposed helix-turn-helix DNA-binding motif have yet to be shown directly involved in the protein-DNA interaction.
Among the LysR family some of the many leucine residues present (15% of the total amino acids in IciA) seem to be highly conserved throughout the whole length of the proteins (Fig. 4) and might be responsible for some of their common functional features.
Expression of the jicU Gene. The IciA protein had been purified and characterized by specific binding to the three 13-mer in the oriC region (17) . As proof that the cloned gene is encoding the 13-mer binding protein, the gene was overexpressed, and crude extracts were examined for enhanced binding activity. To achieve overexpression, several restriction fragments (data not shown) were cloned in the highcopy-number plasmid pUC18 and transformed into E. coli (strain W3110). Late-logarithmic-phase cells grown in rich medium (OD6w = 0.8) were the source ofextracts assayed for binding the L-ori fragment that contains the 13-mers (Fig. 1) ; a specific shift in mobility of this fragment in electrophoresis through a 5% polyacrylamide gel is observed and coincided with the same shift using the previously purified IciA protein (Fig. 5 ). An extract from cells harboring the 1.8-kb Sal I restriction fragment in pUC18 showed a 33-fold specific activity increase in shifting the L-ori fragment (Fig. 5, lanes  8-10) , compared to an extract from cells bearing only the pUC18 vector (lanes 5-7 in Fig. 5 ; see also Table 1 ). About the same increase in binding activity was observed in strains bearing the larger 6.2-kb Pst I fragment (Fig. 2) cloned in pUC18 (data not shown). Inasmuch as the reading frame of the iciA gene is in the direction opposite to that of the lacZ gene, expression of iciA is independent of lac promoter activity. These results establish that the 1.8-kb Sal I fragment is sufficient for expression of the iciA gene from its promoter.
E. coli harboring the iciA gene on a pUC18 plasmid and overexpressing the protein, as shown above, apparently grew at the same rate as isogenic wild-type cells (doubling time with pUC18, 25 min; doubling time with pUC18-iciA, 26 .5 min; Fig. 6 ). However, in 25 of 38 experiments, these cells lagged in growth. They attained an OD6w value of 0.5 from 1-4 hr later (average of2.2 hr). In the other 13 cases, the delay was 1 hr or less. Lag times were independent of whether the inoculations into fresh LB medium were made from stationary or logarithmic-phase cultures at OD60o = 0.5.
DISCUSSION
The IciA protein blocks initiation of E. coli chromosomal replication in vitro by binding the 13-mers of the origin (oriC) sequence and preventing the action of the DnaA initiator protein (17) . Amino acid sequencing of the N-terminal part of The role of the IciA protein in vivo is unknown. Overexpression of iciA on high-copy-number plasmids does cause a pronounced lag in the outgrowth of E. coli cells. This transient growth inhibition has yet to be connected to any replication inhibition. We also observed that an iciA null mutant of E. coli is viable and has the same growth rate as wild type (unpublished results). Investigations on the correct timing of replication initiation in this mutant should elucidate its role in chromosomal replication.
Cloning and sequencing of the iciA gene provide the basis not only for physiological studies but have also allowed the overexpression and purification of the protein in large quantity (unpublished results) for definition of its biochemical properties.
